arXiv:hep-ph/0607249v2 18 Apr 2007

Perturbative QCD study of B_{(s)} → ϕρ decays

Jing-Wu Li^{a∗}, Fu-Yi You^{a†}

a Department of Physics, Xu Zhou Normal University, XuZhou 221116, China

April 19, 2007

Abstract We study B_{(s)} → ϕρ decays in a perturbative QCD approach based on k_T factorization. In this approach, we calculate factorizable and non-factorizable contributions, there are no annihilation contributions due to quark content. We get the branching ratios and polarization fractions for B_{(s)} → ϕρ decays . Our predictions are consistent with the current experimental data.

1 Introduction

Exclusive B meson decays, especially B → V V modes, have aroused more and more interest both theoretically and experimentally. Since the first observed charmless B → V V mode, the B → ϕK^∗ decay[1], many B → V V decay channels have been studied in PQCD approach, such as B → K^∗ρ, K^∗ω[2], B → K^∗K^∗[3], B_s → ρ(ω)K^∗[4], B → ρ(ω)ρ(ω)[5], and B^0 → ϕϕ[6]. It offers an excellent place to study the CP violation and search for new physics hints[7]. Because the hadronization process is non-perturbative in nature, the essential problem in handling the decay processes is the separation of different energy scales, i.e., the factorization assumption. Many approaches based on the factorization assumption have been developed, such as the naive factorization[8], the generalized factorization[9, 10], the QCD factorization[11], and the perturbative QCD approach which is based on k_T factorization[12, 13].

Recently, B → ϕK^∗ data reveal a large transverse polarization fraction, which has been considered as a puzzle, many theoretical efforts have been put to clarify it[14, 15, 16, 17, 18, 19, 20, 21]. This suggests that B → V V modes must be more complicated than all the other modes and need to be studied deeply. Motivated by this, we study another B → V V mode in the perturbative approach (PQCD) within the Standard Model. For B → ϕρ decay, only penguin operators contribute and we find that the branching ratio is at the order of 10^{−9}. For B^0_s → ϕρ^0 decay, current-current operators and penguin operators can contribute and we find that the branching ratio is at the order of 10^{−7}. The longitudinal polarization predominates over transverse polarization and its fraction is found to go beyond 70%. Our predictions are consistent with the current experimental values. We hope that our study will help to resolve the above-mentioned puzzle a bit.

The remaining part of this paper is organized as follows. In Sec.II, we calculate analytically the related Feynman diagrams and present the various decay amplitudes for the decay modes studied. In Sec.III, we give the numerical analysis for the branching ratios and polarization fraction of the related decay modes and compare them with the measured values. The summary and some discussion are included in the final section.

∗Email:lijw@email.xznu.edu.cn †Email:youfuyi1981@126.com

2 Theoretical framework and perturbative calculation

In PQCD approach, the decay amplitude is expressed as the convolution of the mesons’ light-cone wave functions, the hard scattering kernels and the Wilson coefficients, which stand for the soft, hard and harder dynamics, respectively. The formalism can be written as: M ∼ ∫ dx_1dx_2dx_3b_1db_1b_2db_2b3db_3T r[C(t)

Φ_B(x_1, b_1)Φ_ϕ(x_2, b_2)Φ_ρ(x_3, b_3) H(x_i, b_i, t)S_t(x_i)e^{−S(t)}] (1)

where T r denotes the trace over Dirac and color indices. C(t) is Wilson coefficient of the four-quark operator which results from the radiative corrections at short distance. The wave function ϕ_M absorbs non-perturbative dynamics of the process, which is process independent. The hard part H is rather process-independent and can be calculated in perturbative approach. The b_i is the conjugate space coordinate of the transverse momentum, which represents the transverse interval of the meson. t is the largest energy scale in hard function H, while the jet function S_t(x_i) comes from the resummation of the double logarithms ln^2 x_i, called threshold resummation[22, 23], which becomes larger near the endpoint. The Sudakov form factor S(t) is from the resummation of double logarithms ln^2 Qb [24].

In this paper, we use the light-cone coordinates to describe the four-dimensional momentum as (p^+, p^−, P_T ). We work in the frame with the B meson at rest, so the meson momentum can be written as P_1 = M_B √ 2 (1, 1, 0_T ),

P_2 = M_B √ 2 (1 − r^2_ρ, r^2_ϕ, 0_T ),

P_3 = M_B √ 2 (r^2_ρ, 1 − r^2_ϕ, 0_T ) (2)

in which r_ρ, r_ϕ is defined by r_ρ = M_ρ/M_B and r_ϕ = M_ϕ/M_B . P_1, P_2, P_3 refer to B, ϕ, ρ respectively. To extract the helicity amplitudes, we parameterize the following polarization vectors. The longitudinal polarization must satisfy the orthogonality and normalization: ε_{2L} · P_2 = 0, ε_{3L} · P_3 = 0, and ε^2_L = ε^2_{3L} = −1. Then we can give the manifest form as follows:

ε_{2L} =^{1√}_{2rϕ} (1 − r^2_ϕ, −r^2_ϕ, 0_T )

ε_{3L} =^{1√}_{2rρ} (−r^2_ρ, 1 − r^2_ρ, 0_T ) (3)

As to the transverse polarization vectors, we can choose the simple form:

ε_{2T} =^{1√}_2 (0, 0, 1_T )

ε_{3T} =^{1√}_3 (0, 0, 1_T ) (4)

The decay width for these channel is: Γ = G^2_F |P_c| 16πM^2_B ∑ σ=L,T M^{σ†}M^σ (5) where |P_c| is the three-dimensional momentum of the final state meson, and |P_c| =^{MB}_2 (1 − r^2_ρ − r^2_ϕ). The subscript σ denotes the helicity states of the two vector mesons with L(T ) standing for the longitudinal(transverse) component. As discussed in Ref.[1], the amplitude M^σ is decomposed into

M^σ = M^2_B M_L + M^2_B M_N ε^∗_2(σ = T ) · ε^∗_3(σ = T ) +iM_T ε_{μνρσ}ε^{μ∗}_2 ε^{ν∗}_3 P^ρ_2 P^σ_3 (6)

We can define the longitudinal H_0, transverse H_± helicity amplitudes

H_0 = M^2_B M_L, H_± = M^2_B M_N ∓ M_ϕM_ρ √ r^2 − 1M_T (7)

where r = P_2 · P_3/(M_ϕM_ρ). And we can deduce that they satisfy the relation ∑ σ=L,T M^{σ†}M^σ = |H_0|^2 + |H_+|^2 + |H_−|^2 (8)

There is another set of definition of helicity amplitudes

A_0 = −ξM^2_B M_L, A_‖ = ξ √ 2M^2_B M_N , A_⊥ = ξM_ϕM_ρ √ 2(r^2 − 1)M_T (9)

with the normalization factor ξ = √ G^2_F P_c/(16πM^2_B Γ). These helicity amplitudes satisfy the relation,

|A_0|^2 + |A_‖|^2 + |A_⊥|^2 = 1 (10)

where the notation A_0, A_‖, A_⊥ denote the longitudinal, parallel, and perpendicular polarization amplitudes.

Our next task is to calculate the matrix elements M_L, M_N and M_T of the operators in the weak Hamiltonian with PQCD approach. We have to use the mesons’ light-cone wave functions, they are universal for all decay channels. We employ the following wave functions as in other PQCD calculations [2, 3, 4]. 1 √ 2N_c ( ̸P_1 + M_B )γ_5Φ_B(x, b) , 1 √ 2N_c [M_ϕ ̸ϵ_2(L)Φ_ϕ(x)+ ̸ϵ_2(L) ̸P_2Φ^t_ϕ(x) + M_ϕIΦ^s_ϕ(x)] , 1 √ 2N_c [M_ϕ ̸ϵ_2(T )Φ^v_ϕ(x)+ ̸ϵ_2(T ) ̸P_2Φ^T_ϕ (x) + M_ϕ P_2 · n_− iϵ_{μνρσ} γ_5γ^μϵ^ν_2 (T )P^ρ_2 n^σ_−Φ^a_ϕ(x)] , 1 √ 2N_c [M_ρ ̸ϵ_3(L)Φ_ρ(x)+ ̸ϵ_3(L) ̸P_3Φ^t_ρ(x) + M_ρIΦ^s_ρ(x)] , 1 √ 2N_c [M_ρ ̸ϵ_3(T )Φ^v_ρ(x)+ ̸ϵ_3(T ) ̸P_3Φ^T_ρ (x) + M_K∗ P_3 · n_+ iϵ_{μνρσ} γ_5γ^μϵ^ν_3 (T )P^ρ_3 n^σ_+Φ^a_ρ(x)] .

where n_+ = (1, 0, 0_T ) and n_− = (0, 1, 0_T ) are dimensionless vectors on the light cone. x is the momentum fraction.

2.1 B → ϕρ decays The effective Hamiltonian for the processB → ϕρ is given as [25] H_{eff} = G_F √ 2 {V_u[C_1(μ)O^u_1 (μ) + C_2(μ)O^u_2 (μ)] −V_t 10∑ i=3 C_i(μ)O^{(q)}_i (μ)}, (11)

where V_u = V^∗_{ud}V_{ub} , V_t = V^∗_{td}V_{tb} , C_i(μ) are the Wilson coefficients, and the operators are

O^u_1 = (d̄_iu_j)_{V −A}(ū_j b_i)_{V −A}, O^u_2 = (d̄_iu_i)_{V −A}(ū_j b_j )_{V −A}, O_3 = (d̄_ib_i)_{V −A} ∑ q (q̄_jq_j)_{V −A}, O_4 = (d̄_ib_j)_{V −A} ∑ q (q̄_j q_i)_{V −A},

O_5 = (d̄_ib_i)_{V −A} ∑ q (q̄_jq_j)_{V +A}, O_6 = (d̄_ib_j)_{V −A} ∑ q (q̄_j q_i)_{V +A},

O_7 = 3 2 (d̄_ib_i)_{V −A} ∑ q e_q(q̄_jq_j)_{V +A}, O_8 = 3 2 (d̄_ib_j )_{V −A} ∑ q e_q(q̄_j q_i)_{V +A},

O_9 = 3 2 (d̄_ib_i)_{V −A} ∑ q e_q(q̄_jq_j)_{V −A}, O_{10} = 3 2 (d̄_ib_j )_{V −A} ∑ q e_q(q̄_jq_i)_{V −A}. (12)

Here i and j stand for SU(3) color indices. The sum over q runs over the quark fields that are active at the scale μ = O(m_b), i.e., (q ∈ {u, d, s, c, b}). From the effective Hamiltonian, we can see that the current-current operators have no contribution. For factorizable diagrams, all the penguin operators contribute, but for the non-factorizable diagrams only the operators O_4, O_6, O_8, O_{10} can contribute because of the color structure. The leading order diagrams for these decays are shown in Fig.1. We first calculate the usual factorization diagrams (a)and (b).

F_{Le} = 8πC_F M^2_B

∫_1 0 dx_1dx_3 ∫_∞ 0 b_1db_1b_3db_3Φ_B(x_1, b_1) ×{ [ (1 + x_3)Φ_ρ(x_3) + r_ρ(1 − 2x_3)(Φ^t_ρ(x_3) + Φ^a_ρ(x_3)) ] ×E_e(t^{(1)}_e )h_e(x_1, x_3, b_1, b_3) +2r_ρΦ^s_ρ(x_3)E_e(t^{(2)}e )h_e(x_3, x_1, b_3, b_1)} (13)

F_{Ne} = 8πC_F M^2_B

∫_1 0 dx_1dx_3 ∫_∞ 0 b_1db_1b_3db_3Φ_B(x_1, b_1) ×r_ϕ{ [ Φ^T_ρ (x_3) + 2r_ρΦ^v_ρ(x_3) + r_ρx_3(Φ^v_ρ(x_3) − Φ^a_ρ(x_3)) ] ×E_e(t^{(1)}_e )h_e(x_1, x_3, b_1, b_3) +r_ρ[Φ^v_ρ(x_3) + Φ^a_ρ(x_3)]E_e(t^{(2)}_e )h_e(x_3, x_1, b_3, b_1)} (14)

F_{T e} = 16πC_F M^2_B

∫_1 0 dx_1dx_3 ∫_∞ 0 b_1db_1b_3db_3Φ_B (x_1, b_1) ×r_ϕ{ [ Φ^T_ρ (x_3) + 2r_ρΦ^a_ρ(x_3) − r_ρx_3(Φ^v_ρ(x_3) − Φ^a_ρ(x_3)) ] ×E_e(t^{(1)}e )h_e(x_1, x_3, b_1, b_3) +r_ρ[Φ^v_ρ(x_3) + Φ^a_ρ(x_3)]E_e(t^{(2)}e )h_e(x_3, x_1, b_3, b_1)} (15) where C_F =^4_3 is a color factor. The function h_e, including the jet function S_t(x_3)(threshold resummation for non-factorizable diagrams is weaker and negligible ), is the same as the h_e in [1] . The factors E(t) contain the evolution from the W boson mass to the hard scales t in the Wilson coefficients a(t), and from t to the factorization scale 1/b in the Sudakov factors S(t):

E_e(t) = α_s(t)a_e(t)S_B (t)S_ρ(t) (16)

The Wilson coefficients a_e(t) in Eq.16 are given by

a_e(t) = C_3 +

C_4 3 + C_5 +

C_6 3 − C_7 2 − C_8 6 − C_9 2 − C_{10} 6 (17)

For the non-factorizable diagrams (c) and (d), all the three meson wave functions are involved and the amplitudes M_{He} = M_{He4} + M_{He6} are written as

M_{Le4} = 16πC_F M^2_B √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1b_2db_2Φ_B(x_1, b_1) ×{Φ_ϕ(x_2) [ −(x_2 + x_3)Φ_ρ(x_3) + r_ρx_3(Φ^t_ρ(x_3) + Φ^s_ρ(x_3)) ] ×E_{e4}(t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1, b_2) +Φ_ϕ(x_2) [ (1 − x_2)Φ_ρ(x_3) + r_ρx_3(Φ^t_ρ(x_3) − Φ^s_ρ(x_3)) ] ×E_{e4}(t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_2) (18)

M_{Ne4} = 16πC_F M^2_B √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1b_2db_2Φ_B (x_1, b_1) ×r_ϕ{[x_2(Φ^v_ϕ(x_2) + Φϕ^a(x_2))Φ^T_ρ (x_3) −2r_ρ(x_2 + x_3)(Φ^v_ϕ(x_2)Φ^v_ρ(x_3) + Φ^a_ϕ(x_2)Φ^a_ρ(x_3))]

×E_{e4}(t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1, b_2) +(1 − x_2)(Φ^v_ϕ(x_2) + Φ^a_ϕ(x_2))Φ^T_ρ (x_3)

×E_{e4}(t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_2)} (19)

M_{T e4} = 32πC_F M^2_B √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1b_2db_2Φ_B(x_1, b_1) ×r_ϕ{[x_2(Φ^v_ϕ(x_2) + Φϕ^a(x_2))Φ^T_ρ (x_3) −2r_ρ(x_2 + x_3)(Φ^v_ϕ(x_2)Φ^a_ρ(x_3) + Φ^a_ϕ(x_2)Φ^v_ρ(x_3))]

×E_{e4}(t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1, b_2) +(1 − x_2)(Φ^v_ϕ(x_2) + Φ^a_ϕ(x_2))Φ^T_ρ (x_3)

×E_{e4}(t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_2)} (20)

M_{Le6} = −16πC_F M^2_B √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1b_2db_2Φ_B(x_1, b_1) ×Φ_ϕ(x_2){ [ x_2Φ_ρ(x_3) + r_ρx_3(Φ^t_ρ(x_3) − Φ^s_ρ(x_3)) ] ×E_{e6}(t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1, b_2) + [ −(1 − x_2 + x_3)Φ_ρ(x_3) + r_ρx_3(Φ^t_ρ + Φ^s_ρ(x_3)) ] ×E_{e6}(t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_2) (21)

M_{Ne6} = −16πC_F M^2_B √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1b_2db_2Φ_B(x_1, b_1) ×r_ϕ{x_2(Φ^v_ϕ(x_2) − Φϕ^a(x_2))Φ^T_ρ (x_3)E_{e6}(t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1,_b 2) +[(1 − x_2)(Φ^v_ϕ(x_2) − Φ^a_ϕ(x_2))Φ^T_ρ (x_3) −2r_ρ(1 − x_2 + x_3)(Φ^v_ϕ(x_2)Φ^v_ρ(x_3) − Φ^a_ϕ(x_2)Φ^a_ρ(x_3))] ×E_{e6}(t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_2)} (22)

M_{T e6} = −32πC_F M^2_B √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1b_2db_2Φ_B (x_1, b_1) ×r_ϕ{x_2(Φ^v_ϕ(x_2) − Φϕ^a(x_2))Φ^T_ρ (x_3)E_{e6}(t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1,_b 2) +[(1 − x_2)(Φ^v_ϕ(x_2) − Φ^a_ϕ(x_2))Φ^T_ρ (x_3) −2r_ρ(1 − x_2 + x_3)(Φ^v_ϕ(x_2)Φ^a_ρ(x_3) − Φ^a_ϕ(x_2)Φ^v_ρ(x_3))] ×E_{e6}(t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_2)} (23)

The evolution factors are given by

E_{ei}(t) = α_s(t)a_i(t)S(t)|_{b3 =b1} (24)

with the Sudakov factor S = S_B S_ϕS_ρ. The Wilson coefficients a appearing in the above formulas are

a_4 =^{C4}_3 −^{C10}_6 , a_6 =^{C6}_3 −^{C8}_6 (25)

The amplitudes forB^+ → ϕρ^+ are written as

M_H = f_ϕV^∗_t F_{He} + V^∗_t M_{He} (26)

where F_{He} denotes the factorizable contributions and M_{He} the non-factorizable contributions. For the other two decay channels of B → ϕρ, the amplitudes are the following: for B^− → ϕρ^−, M̄_H = f_ϕV_tF_{He} + V_tM̄_{He} (27)

and for B^0 → ϕρ^0, − √ 2M^0_H = V^∗_t f_ϕF_{He} + V^∗_t M_{He} (28)

2.2 B^0_s → ϕρ^0 decay For the process B^0_s → ϕρ^0 , it is a b → s transition and we use the effective Hamiltonian [25]

H_{eff} = G_F √ 2 [V_{ub}V^∗_{us}(C_1O^u_1 + C_2O^u_2 ) − V_{tb}V^∗_{ts} ( 10∑ i=3 C_i O^{(q)}_i )] . (29)

We specify below the operators in H_{eff} for b → s:

O^u_1 = (s̄_iu_j )_{V −A}(ū_j b_i)_{V −A}, O^u_2 = (s̄_iu_i)_{V −A}(ū_j b_j)_{V −A},

O_3 = (s̄_ib_i)_{V −A} ∑ q (q̄_jq_j)_{V −A}, O_4 = (s̄_ib_j )_{V −A} ∑ q (q̄_jq_i)_{V −A}, O_5 = (s̄_ib_i)_{V −A} ∑ q (q̄_jq_j)_{V +A}, O_6 = (s̄_ib_j )_{V −A} ∑ q (q̄_jq_i)_{V +A},

O_7 = 3 2 (s̄_ib_i)_{V −A} ∑ q e_q(q̄_jq_j)_{V +A}, O_8 = 3 2 (s̄_ib_j )_{V −A} ∑ q e_q(q̄_jq_i)_{V +A},

O_9 = 3 2 (s̄_ib_i)_{V −A} ∑ q e_q(q̄_jq_j)_{V −A}, O_{10} = 3 2 (s̄_ib_j)_{V −A} ∑ q e_q(q̄_jq_i)_{V −A}. (30)

From the effective Hamiltonian we can see that the current-current operators and penguin operators can contribute. The leading order diagrams for the decay are shown in Fig.2, the amplitude for B^0_s → ρ^0ϕ mode is − √ 2M^′_H = V^∗_u f_ρF^′_{He} + V^∗_u M^′_{He} − V^∗_t f_ρF^{P ′}_{He} − V^∗_t M^{P ′}_{He} (31)

where M^{P ′}_{He} = M^{P ′}_{He4} + M^{P ′}_{He6}. Here V_u = V_{ub}V^∗_{us}, V_t = V_{tb}V^∗_{ts} and amplitude for the corresponding CP conjugate model is written as − √ 2M̄^′_H = V_uf_ρF^′_{He} + V_uM^′_{He} − V_tf_ρF^{P ′}_{He} − V_tM^{P ′}_{He} (32)

Next we calculate the hard part in PQCD approach. For the factorizable diagram (e) and (f), we have

F^′_{Le} = 8πC_F M^2_{Bs}

∫_1 0 dx_1dx_2 ∫_∞ 0 b_1db_1b_2db_2Φ_{Bs} (x_1, b_1) ×{ [ (1 + x_2)Φ_ϕ(x_2) + r^′_ϕ(1 − 2x_2)(Φ^t_ϕ(x_2) + Φ^a_ϕ(x_2)) ] ×E^′_e(t^{(1)}e )h_e(x_1, x_2, b_1, b_2) +2r^′_ϕΦ^s_ϕ(x_2)E^′_e(t^{(2)}e )h_e(x_2, x_1, b_2, b_1)} (33)

F^′_{Ne} = 8πC_F M^2_{Bs}

∫_1 0 dx_1dx_2 ∫_∞ 0 b_1db_1b_2db_2Φ_{Bs} (x_1, b_1) ×r^′_ρ{ [ Φ^T_ϕ (x_2) + 2r^′_ϕΦ^v_ρ(x_2) + r_ϕx_2(Φ^v_ϕ(x_2) − Φ^a_ϕ(x_2)) ] ×E^′_e(t^{(1)}e )h_e(x_1, x_2, b_1, b_2) +r^′_ϕ[Φ^v_ϕ(x_2) + Φ^a_ϕ(x_2)]E^′_e(t^{(2)}e )h_e(x_2, x_1, b_2, b_1)} (34)

F^′_{T e} = 16πC_F M^2_{Bs}

∫_1 0 dx_1dx_3 ∫_∞ 0 b_1db_1b_2db_2Φ_{Bs} (x_1, b_1) ×r^′_ρ{ [ Φ^T_ϕ (x_2) + 2r^′_ϕΦ^a_ϕ(x_2) − r^′_ϕx_2(Φ^v_ϕ(x_2) − Φ^a_ϕ(x_2)) ] ×E^′_e(t^{(1)}_e )h_e(x_1, x_2, b_1, b_2) +r^′_ϕ[Φ^v_ρ(x_2) + Φ^a_ϕ(x_2)]E_e(t^{(2)}e )h_e(x_2, x_1, b_2, b_1)} (35)

with r^′_ϕ, r^′_ρ equal to r_ϕ, r_ρ except for M_B replaced by M_{Bs} . The expression for F^{P ′}_{He} are the same as F^′_{He} but with WIlson coefficients a replaced by a^P . As before, the factor E^′(t) are given by

E^{(P )′}_e (t) = α_sa^{(P )}_e (t)S_B (t)S_ϕ(t) (36)

where the Wilson coefficients are the following a = C_1 + 2/3C_2,

a^P = 3/2C_7 + 1/2C_8 + 3/2cC_9 + 1/2C_{10}. (37) For non-factorizable diagram (g) and (h), we find that

M^′_{Le4} = 16πC_F M^2_{Bs} √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1b_3db_3

Φ_{Bs} (x_1, b_1) × {Φ_ρ(x_3)[−(x_2 + x_3)Φ_ϕ(x_2) + r^′_ϕx_2(Φ^t_ϕ(x_2)

+Φ^s_ϕ(x_2))] × E^{(q)′}_{e4} (t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1, b_3)

+Φ_ρ(x_3) [ (1 − x_3)Φ_ϕ(x_2) + r^′_ϕx_2(Φ^t_ϕ(x_2) − Φ^s_ϕ(x_2)) ] ×E^{(q)′}_{e4} (t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_3)} (38)

M^′_{Le6} = −16πC_F M^2_B √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1b_3db_3

Φ_{Bs} (x_1, b_1) × Φ_ρ(x_3){[x_3Φ_ϕ(x_2) + r^′_ϕx_2(Φ^t_ϕ(x_2) −

Φ^s_ϕ(x_2))] × E^{(q)′}_{e6} (t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1, b_3) + [ −(1 − x_3 + x_2)Φ_ϕ(x_2) + r^′_ϕx_2(Φ^t_ϕ(x_2) + Φ^s_ϕ(x_2)) ] ×E^{(q)′}_{e6} (t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_3) (39)

M^{q′}_{Ne4} = 16πC_F M^2_{Bs} √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1b_3db_3

Φ_{Bs} (x_1, b_1) × r^′_ρ{[x_3(Φ^v_ρ(x_3) + Φ^a_ρ(x_3))Φ^T_ϕ (x_2)

−2r^′_ϕ(x_2 + x_3)(Φ^v_ρ(x_3)Φ^v_ϕ(x_2) + Φ^a_ρ(x_3)Φ^a_ϕ(x_2))]

×E^{(q)′}_{e4} (t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1, b_3)

+(1 − x_3)(Φ^v_ρ(x_3) + Φ^a_ρ(x_3))Φ^T_ϕ (x_2)

×E^{(q)′}_{e4} (t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_3)} (40)

M^′_{Ne6} = −16πC_F M^2_B √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1

b_3db_3Φ_{Bs} (x_1, b_1) × r^′_ρ{[x_3 ( Φ^v_ρ(x_3) − Φ^a_ρ(x_3) ) Φ^T_ϕ (x_2)] × E^{(q)′}_{e6} (t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1, b_3)

+[(1 − x_3) ( Φ^v_ρ(x_3) − Φ^a_ρ(x_3) ) Φ^T_ϕ (x_2) − 2r^′_ϕ

(1 − x_3 + x_2) ( Φ^v_ρ(x_3)Φ^v_ϕ(x_2) − Φ^a_ρ(x_3)Φ^a_ϕ(x_2) ) ] ×E^{(q)′}_{e6} (t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_3)} (41)

M^′_{T e4} = 32πC_F M^2_B √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1b_3

db_3Φ_{Bs} (x_1, b_1) × r^′_ρ{[x_3(Φ^v_ρ(x_3) + Φ^a_ρ(x_3))Φ^T_ϕ (x_2)

−2r^′_ϕ(x_2 + x_3)(Φ^v_ρ(x_3)Φ^a_ϕ(x_2) + Φ^a_ρ(x_3Φ^v_ϕ(x_2))] ×E^{(q)′}_e (t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1, b_3) +(1 − x_3)(Φ^v_ρ(x_3) + Φ^a_ρ(x_3))Φ^T_ϕ (x_2) ×E^{(q)′}_e (t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_3)} (42)

M^′_{T e6} = −16πC_F M^2_B √ 2N_c ∫_1 0 dx_1dx_2dx_3 ∫_∞ 0 b_1db_1 b_3db_3Φ_{Bs} (x_1, b_1) × r^′_ρ{x_3[Φ^v_ρ(x_3) − Φ^a_ρ(x_3)]Φ^T_ϕ (x_2) ×E^{(q)′}e (t^{(1)}_d )h^{(1)}_d (x_1, x_2, x_3, b_1, b_3) +[(1 − x_3) ( Φ^v_ρ(x_3) − Φ^a_ρ(x_3) ) Φ^T_ϕ (x_2) − 2r^′_ϕ (1 − x_3 + x_2) ( Φ^v_ρ(x_3)Φ^a_ϕ(x_2) − Φ^a_ρ(x_3)Φ^v_ϕ(x_2) ) ] ×E^{(q)′}_e (t^{(2)}_d )h^{(2)}_d (x_1, x_2, x_3, b_1, b_3)} (43)

The evolution factors are given by

E^{(q)′}_{ei} (t) = α_s(t)a^{(q)′}_{ei} (t)S(t)|_{b2 =b1} (44)

with the Sudakov factor S = S_{Bs} S_ϕS_ρ and the Wilson coefficients are given by

a^′_1 = C_2/N_c, a^′_4 = 3/2C_{10}/N_c, a^′_6 = 3/2C_8/N_C . (45)

2.3 Numerical analysis The parameters used in our calculations are: the Fermi coupling constant G_F = 1.16639×10^{−5} GeV^{−2}, the meson masses M_B = 5.28GeV , M_{BS} = 5.37GeV , M_ρ = 0.77GeV , M_ϕ = 1.02GeV , the decay constant f_ρ = 0.205GeV , f^T_ρ = 0.155GeV , f_ϕ = 0.237GeV , f^T_ϕ = 0.220GeV , the central value of the CKM matrix elements γ = 60^∘, |V_{td}| = 0.0075, |V_{tb} | = 0.9992, |V_{ub}| = 0.0047, |V_{us}| = 0.2196 and the meson lifetimeτ_B = 1.65ps, τ_{Bs} = 1.461ps[26].

Using the above parameters, we get the branching ratios and helicity amplitudes of B_{(s)} → ϕρ decays (the helicity amplitudes are in Table 1)

B_r(B^± → ϕρ^∓) = 4.1 × 10^{−9}, B_r(B^0 → ϕρ^0) = 1.9 × 10^{−9}, B_r(B^0_s → ϕρ^0) = 3.09 × 10^{−7}, B_r(B̄_s^0 → ϕρ^0) = 3.60 × 10^{−7} (46)

Compared with the averaged results of QCDF[27]

BR(B^− → ρ^−ϕ) = 5.5 × 10^{−9}, BR(B̄^0 → ϕρ^0) = 2.5 × 10^{−9}. (47)

or those from naive factorization [28]

BR(B̄^0_s → ρ^0ϕ) = 2.92 × 10^{−7}. (48) our predictions for B → ϕρ are consistent with those of QCDF, the predictions for B̄^0_s → ρ^0ϕ are consistent with the result of naive factorization, because the nonfactorization effects in B̄^0_s → ρ^0ϕ are little.

Presently, only the experimental upper limits are available at the 90% confidence level [26],

B_r(B^+ → ϕρ^+) < 1.6 × 10^{−5}, B_r(B^0 → ϕρ^0) < 1.3 × 10^{−5}, B_r(B^0_s → ϕρ^0) < 6.17 × 10^{−4}. (49)

Obviously, our results are consistent with the data. Our predictions will be tested by the oncoming measurements.

For B → ϕρ decays, only penguin operators contribute, so there is no direct CP violation in the B → ϕρ decays.

For B^0_s → ϕρ^0 decays, the CP asymmetry is time dependent

A_{CP} (t) ≃ A^{dir}_{CP} cos(Δmt) + a_{ϵ+ϵ}′ sin(Δmt), (50)

where Δm is the mass difference of the two mass eigenstates of neutral B_s mesons.

The direct CP violation parameter is defined A^{dir}_{CP} = |M|^2 − |M|^2 |M|^2 + |M|^2 . (51)

The direct CP violation parameter we can get in B^0_s → ϕρ^0 is

A^{dir}_{CP} (B^0_s → ϕρ^0) = −8.0%. (52)

From Table 1, we can find the longitudinal fraction in B^0_s → ϕρ^0 decays go beyond 70%, but the longitudinal fractions in B → ϕρ decays are very small, which is similar to B^0 → ρ^0ρ^0 decay mode[29]. In B → ϕρ decays, O_{1,2}in H_{eff} don’t contribute via factorizable diagrams, the penguin operators contributing via factorizable diagrams are color suppressed, so that the nonfactorizable effects are the same order as the factorizable ones, which cause the B → ϕρ decays not to be factorization dominated, besides the above reason, the nonfactorizable longitudinal amplitude is opposite in sign to that of the factorizable part, therefore the longitudinal amplitude gets a large cancellation between the factorizable effects and the non factorizable parts such that |A_0|^2 is reduced much.

According to Ref.[30], we can get the B_{(s)} → ρ, ϕ vector meson transition form factors ,

B → ρ, V (0) = 0.303, A_0(0) = 0.308,

A_1(0) = 0.233, A_2(0) = 0.208, B_s → ϕ, V (0) = 0.430, A_0(0) = 0.363, A_1(0) = 0.304, A_2(0) = 0.276,

which are consistent with the results with light cone sum rules [31].

3 Summary

In this paper, we calculate the branching ratios and polarization fractions of B → ϕρ and B^0_s → ϕρ^0 decays in perturbative QCD approach, the predicted branching ratios are compared with the experimental data and results obtained with other approaches. CP parameters in B^0_s → ϕρ^0 are given in our paper. we compared with the experimental values, our results are consistent with the current experimental data.

We thank Dong-Sheng Du and Mao-Zhi Yang for helpful discussions and communications.

Channel |A_0|^2 |A_‖|^2 |A_{perp}|^2 B^± → ϕρ^∓ 0.14 0.41 0.45 B^0(B̄^0) → ϕρ^0 0.14 0.41 0.45

B^0_s → ϕρ^0 0.78 0.12 0.10 B̄0_S → ϕρ0 0.83 0.09 0.08

Table 1: Branching ratios and helicity amplitudes

A wave functions

The ϕ and ρ distribution amplitudes up to twist 3 are given by

Φ_ϕ(x) = 3f_ϕ √ 2N_c x(1 − x), Φ^t_ϕ(x) = f^T_ϕ 2 √ 2N_c {3(1 − 2x)^2 + 1.68C^{12}_4 (1 − 2x) + 0.69[1 + (1 − 2x) ln x 1 − x ]}, Φ^s_ϕ(x) = f^T_ϕ 4 √ 2N_c [3(1 − 2x)(4.5 − 11.2x + 11.2x^2) + 1.38 ln x 1 − x ], Φ^T_ϕ (x) = 3f^T_ϕ 2 √ 2N_c x(1 − x) [ 1 + 0.2C^{32}_4 (1 − 2x) ] , Φ^v_ϕ(x) = f^T_ϕ 2 √ 2N_c { 3 4 [1 + (1 − 2x)^2] + 0.24[3(1 − 2x)^2 − 1] + 0.96C^{12}_4 (1 − 2x)},

Φ^a_ϕ(x) = 3f^T_ϕ 4 √ 2N_c (1 − 2x)[1 + 0.93(10x^2 − 10x + 1)].

(53)

with the Gegenbauer polynomials,

C^{12}_2 (ξ) = 1 2 (3ξ^2 − 1),

C^{12}_4 (ξ) = 1 8 (35ξ^4 − 30ξ^2 + 3),

C^{32}_2 (ξ) = 3 2 (5ξ^2 − 1). (54)

For ρ meson , its Lorentz structures are similar to ϕ meson and the distribution amplitudes are given by

Φ_ρ(x) = 3f_ρ √ 2N_c x(1 − x) [ 1 + 0.18C^{3/2}_2 (1 − 2x) ] , Φ^t_ρ(x) = f^T_ρ 2 √ 2N_c {3(1 − 2x)^2 + 0.3(1 − 2x)^2[5(1 − 2x)^2 − 3] + 0.21[3 − 30(1 − 2x)^2 + 35(1 − 2x)^4]} ,

Φ^s_ρ(x) = 3f^T_ρ 2 √ 2N_c (1 − 2x)[1 + 0.76(10x^2 − 10x + 1)] ,

Φ^T_ρ (x) = 3f^T_ρ √ 2N_c x(1 − x) [ 1 + 0.2C^{3/2}_2 (1 − 2x) ] , Φ^v_ρ(x) = f_ρ 2 √ 2N_c { 3 4 [1 + (1 − 2x)^2] + 0.24[3(1 − 2x)^2 − 1] + 0.12[3 − 30(1 − 2x)^2 + 35(1 − 2x)^4] } ,

Φ^a_ρ(x) = 3f_ρ 4 √ 2N_c (1 − 2x) [ 1 + 0.93(10x^2 − 10x + 1) ] . For the amplitudes of B andB_s, meson, we employ the following distribution amplitudes:

Φ_B(x, b) = N_B x^2(1 − x)^2 exp[−

M^2_B x^2 2ω^2_b − 1 2 (ω_bb)^2] (55)

which satisfies the normalization ∫_1 0 Φ_B(x)dx = f_B 2 √ 2N_c . (56) We choose N_B = 91.784GeV, ω_B = 0.4GeV. Things for B_s are similar if we ignore SU(3) symmetry breaking effect. As discussed in Ref. [4], we choose ω_{Bs} = 0.50GeV.

References

[1] Chuan-Hung Chen, Yong-Yeon Keum, Hsiang-nan Li, Phys.Rev. D66 (2002) 054013 [2] Han-Wen Huang, Cai-Dian Lü,C.D. Lü, Toshiyuki Morii, Yue-Long Shen, Ge-Liang Song, and Jin zhu, Phys. Rev. D 73, 014011 (2006) [3] Jin-Zhu, Yue-Long Shen, Cai-Dian Lü, Phys.Rev. D72 (2005) 054015 [4] Jin-Zhu, Yue-Long Shen, Cai-Dian Lü, J.Phys. G32 (2006) 101-110 [5] Ying-Li, Cai-Dian Lü, Phys.Rev. D73 (2006) 014024 [6] Cai-Dian Lü, Yue-Long Shen, Jin-Zhu, Eur.Phys.J. C41 (2005) 311-317 [7] See for example: I.I.Bigi, A.I.Sanda, CP violation,Cambridge.

[8] M. Wirbel, B. Stech, M. Bauer, Z. Phys. C29, 637 (1985); M. Bauer, B. Stech, M. Wirbel, Z.

Phys. C34, 103 (1987); L.-L. Chau, H.-Y. Cheng, W.K. Sze, H. Yao, B. Tseng, Phys. Rev. D43, 2176 (1991), Erratum: D58, 019902(1998) [9] A. Ali, G. Kramer and C.D. Lü, Phys. Rev. D 58, 094009; C.D. Lü, Nucl. Phys. Proc. Suppl.

74,227(1999).

[10] Y.H.Cheng, et al, Phys. Rev. D 60, 094014 (1999); H.Y.Cheng, K.C.Yang, Phys.Rev.D 62,054029(2000).

[11] M. Beneke, G. Buchalla, M. Neubert and C.T. Sachrajda, Phys. Rev. Lett. 83, 1914 (1999); Nucl.

Phys. B 591, 313 (2000); Nucl. Phys. B 606, 245 (2001).

[12] Y.Y. Keum, H-n. Li, and A.I. Sanda, Phys. Lett. B 504, 6 (2001); Phys. Rev. D 63, 054008 (2001);

Y.Y. Keum and H-n Li, Phys. Rev. D 63, 074006 (2001).

[13] C. D. Lü, K. Ukai, and M. Z. Yang, Phys. Rev. D 63, 074009 (2001); C. D. Lü and M.Z. Yang, Eur. Phys. J. C 23, 275 (2002).

[14] Y.Grossman, Int.J.Mod.phys., 2004 , A 19,907 .

[15] Y.D.Yang, G.R.Lu, and R.M.Wang, Phys.Rev., 2005 , D 72,015009 . [16] A.L.Kagan,phys. Lett., 2004 , B 601, 151 .

[17] C.W.Bauer, D.Pirjol, I.Z.Rothstein and I.W.Stewart, Phys.Rev., 2004 , D 70, 054015 . [18] P.Colangelo, F.De.Fazio, and T.N.Pham, Phys.Lett., 2004 , B 597, 291 ; M.Ladisa, V.Laporta, G.Nardulli, P.Santorelli, Phys.Rev., 2004, D 70, 114025 ; H.Y.Cheng, C.K.Chua and A.D.Soni, Phys.Rev.,2005 , D 71, 014030 .

[19] W.S.Hou, and M.Nagashima, hep-ph/0408007. [20] H.n.Li and S.Mishima, Phys.Rev., 2005, D 71, 054025.

[21] P.K.Das, K.C.Yang, Phys.Rev., 2005 , D 71, 094002 ; K.C.Ynag, Phys.Rev.D 72, 034009 (2005), Erratum-ibid.D 72, 059901 (2005).

[22] S. Catani, M. Ciafaloni and F. Hautmann, Phys. Lett., 1990, B 242, 97 ; Nucl. Phys., 1991 , B 366, 135 .

[23] H.n. Li, Phys. Rev., 2002 , D66, 094010 ; H-n. Li, K. Ukai, Phys. Lett., 2003, B 555, 197 . [24] Y.H.Chen, H.N.Li, Phys.Rev., 1997, D55, 5577; T.W.Yeh and H.N.Li, Phys.Rev., 1997 , D56, 1615.

[25] G. Buchalla, A. J. Buras and M. E. Lautenbacher, Rev. Mod. Phys., 1996 , 68, 1125 . [26] Particle Data Group, S. Eidelman et al., Phys. Lett., 2004, B 592, 1 . [27] Hai-Yang Chen and Kwei-Chou Yang , Phys.Lett. 2001,B511 40-48. [28] Dong-sheng Du and Li-bo Guo , J.Phys.G.Nucl.Part.Phys.,1997, 23,525-535. [29] Chuan-Hung Chen, hep-ph/ 0601019.

[30] Cai-Dian Lü , Mao-Zhi Yang , Eur. Phys. J.,2003, C28,515. [31] Patricia Ball, Roman Zwicky, Phys.Rev.,2005, D71 . 014029.

14